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ABSTRACT

The coupling compound of Biotin (Vitamin H) and redox molecule ferrocene through
covalent bonding was studied. Synthesis and structure identification of Biotinylated 1 - (- 2-
aminoethyl) ferrocene were performed by "H-NMR, *C-NMR and MS. The ultimate goal of this
paper is to develop derivatives of ferroceneservingas an electrochemical probe that would
enhance the performance of immunosensor.An immunosensor based on polypyrrole-streptavidin
layer as platform for immobilization of biotinylatedferrocene and antibodies was developed. The
measurement of redox signal of ferrocene was analyzed by differential pulse voltammetry
(DPV) method and underlined a variation of redox properties upon the antigen interaction. The
introduction of the redox biotinylatedferrocene into streptavidin-polypyrrole layer affords a good
sensitivity of the biosensor with a detection limit of 0.16 pg.mL"".
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1. INTRODUCTION

In recent years, electrochemical immunosensor has been studied and proven to be potential
devices in many field such as clinical field [1], medicine and environment controlling, food
safety [2]. These devices have many advantages such as high endurance, low cost, sensitivity
and high selectivity, compact size, portability, simple manufacture process. The biosensors allow
detecting biological molecules which are of small quantity, small surface area, and low
concentration. Immunosensor is usually produced by immobilizing antibody on electrode
surface, which can rapidly detect antigens through specific antibody /antigen interaction.

The electrochemical immunosensor essentially based on oxidation -reduction reaction of
conductive materials such as carbon nanotubes [3], nanoparticles [4], semiconductive polymer


https://core.ac.uk/display/229066823?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Le Huu Quynh Anh, Phan Dinh Tuan, HafsaKorri-Youssouffi, Hélene Sauriat-Dorizon

such as polypyrrole, polyaniline, polythiophene [5,6,7]. Antibody / antigen interaction is
monitored by electrochemical methods such as cyclic voltammetry, differential pulse
voltammetry, based on oxidation -reduction reaction of these materials. Among the
semiconductive polymer, polypyrrole is used in several studies of electrochemical sensor
manufacture because of biological compatibility, stability in water. To improve the sensitivity of
sensor, the electrochemical indicator combined with polymers has been used such as K4Fe(CN)g
/ K3Fe(CN)g [8], viologen [9], ferrocene. In particular, Ferrocene is used like oxidation -
reduction molecules in the electrochemical immunosensors because of the high electrochemical
activity [10].

There are many methods to immobilize antibodies on the surface of the electrode as
physical adsorption [11], covalent bond [12] or biotin / streptavidin bond [13, 14]. Physical
adsorption has the advantage of manufacture but the bond is easilybreakable because of its
weakness. Covalent bond has the advantage of high endurance but difficult to synthesize.
Besides, Streptavidin has four binding sites for biotin in molecular structure capable of detecting
biotin molecules by specific link with high affinity (Ka = 1015M-1) [15].

The purpose of this project was to synthesize Biotinylated 1 — (-2- aminoethyl) Ferrocene
(Fc Biot) that will serve as an electrochemical probe to enhance the conductive properties of the
immunosensor. The structure of Fc Biot compound was determined by '"H-NMR spectrum, "*C-
NMR and Mass Spectrometry. After that, the group studied the constructionof electrochemical
immunosensor based on Fc Biot compound in combination with biotin / streptavidin interaction,
using polypyrrole polymer in order to rapidly detect antigen (Scheme 1). The achieved
resultsopen the way to the development of electrochemicalmultisensor systems.
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Scheme 1. Immunosensor construction.

2. MATERIALS AND METHODS
2.1. Materials
Pyrrole (py) was purchased from Sigma-Aldrich and distilled under argon before using.

Biotin, streptavidin, biotinylated antibody IgG (biot anti-IgG), antigen IgGand Phosphate Buffer
Saline (PBS) tablets, were purchased from Sigma-Aldrich.

Etan nitrile ferrocenyl, LiAlH4, AICI3, Trietylamine, Isobutylchloroformate, DMF, THF
were purchased from Sigma-Aldrich.

2.2. Synthesis
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The Biotinylated 1 - (- 2-aminoethyl) ferrocene (Fc Biot) was synthesized frometan nitrile
ferrocenylas shown in Scheme 2.
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Scheme 2. Synthesis of Biotinylated 1 - (- 2-aminoethyl) ferrocene( FcBiot).
2.2.1. Synthesis of 1 - (- 2-aminoethyl) ferrocene (Fc NH>), first step as seen in Scheme 2

Under argon atmosphere, AICl; (0.58 g, 4.4 mmol) was addedin9 mL of THF and stirred at
0 °C for 5 min. LiAlH, (0.87 g, 23 mmol) was added to this mixture and the reaction was stirred
for 15 min. Then the solution of 1-(-2-cyanoethyl) ferrocene (1 g, 4.4 mmol) in 10 mL of THF
was added drop wise and the reaction was warmed to room temperature and mixed during 3
hours. The contents of the flask were evaporated using a rotary evaporator. The residue was
dissolved in water and extracted several times with ether. The collected organic layers were
washed with water and with a saturated solution of NaCl, dried over MgSO, and concentrated in
vacuum. 0.87 g of orange oil were obtained with yields of 86%.

2.2.2. Synthesis of 1 - (- 2-aminoethyl) ferrocene ( Fc Biot), second step as seen in Scheme 2

Biotin(5 g; 2.05 mmol) and triethylamine (3 mL; 2.05 mmol) were reacted with the
isobutylchloroformate (2 mL;2.05 mmol) diluted in 25 mL of DMF under argon at -15°C. The
reaction was stirred for 30 min. Then a solutionof 1-(-2-aminoethyl) ferrocene and
triethylamine(3 mL; 2.18 mL) in 25 mL of DMF was added drop wiseto the mixture at -15°C
and stirred for 15 min. The reaction was then mixedduring 12 hours at room temperature under
argon. Thesolvent was evaporated and the residue was extracted with dichloromethane, dried
over MgSQ,, filtered and concentrated.The product was purifiedby chromatography over silica
gel using dichloromethane/methanol 98/2. 0.2 g of yellow crystals was obtainedwith the yield of
22 %.

2.3.Instrumentation

Electrochemical polymerization and characterization were performed using a
potentiostatgalvanostatautolab PGSTAT 30 controlled by GPES software. The three electrode
cell was purchased from Basi and consists of a platinum mesh as a counter electrode, gold disc
(surface 0.0201 cm™) as working electrode and Ag/AgCl as reference electrode.

2.4.Electropolymerization of copolymer Py-PyNHP
The copolymer film poly[pyrrole-3-N-(hydroxyphthalimido) pyrrole] (Py-PyNHP) was
deposited on the gold electrode, in a electrochemical cell containing a 10 mM solution of pyrrole

(Py) and pyrrole functionalized by an active ester (Py-NHP) in a ratio of 8 :2 and 0.5 M LiCIO,
in acetonitrile. The film was grown by cycling the potential from -0.4 to 1.2 vs. Ag/AgCl with
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the scan rate of 100 mV.s'. The reaction was stopped after 10 cycles corresponding to a
maximal current of 11 mA at the potential 0.29 V vs. Ag/AgCl.

2.5.Construction of the Biosensor

The first step of immunosensorconstruction was the covalent bonding of biotin hydrazide to
the copolymer Py-PyNHP (Scheme 1), performed by the deposition of 40 mL of a 2 mg.mL"
solution of biotin hydrazide in PBS buffer pH 7.4 for 30 min at room temperature. The resulting
biotinylatedpolypyrrole film was washed with distilled water and PBS buffer.

The second step was the recognition of biotin and 40 mL of a 100 pg.mL™" streptavidin in
PBS buffer pH 7.4 for 30 min. Afterwards, 40 mL of 2 M biotinylatedferrocene solution was
incubated during 2 hours at room temperature. After, 40 mL of 8 mg.mL 'biotinylated antibody
anti-IgG solution in PBS was incubated during30 min at room temperature. After each
immobilization step, the modified surface was washed with distilled water and PBS buffer, to
eliminate non-bonded molecules on the copolypyrrole surface. Before antigen detection, the
surface was blocked with 40 mL of 50 mg.mL" of casein solution during 30 min at room
temperature to avoid the non-specific interactions on the copolypyrrole surface. After each step
of immunosensor construction, the surface modifications were controlled by CV and DPV
methods.

2.6. Antigen detection

The incubation was performed by immersing the modified electrode in each solution of
antigen (1 pg.mL™"; 10pg.mL™"; 100 pg.mL™'; 1 ng.mL™") during 30 min at room temperature.

3. RESULTS AND DISCUSSION
3.1. Determination of the structure and electrochemical properties of Fc Biotcompound
3.1.1. Structure determination of Fc Biot compound

The coupling of amino group and biotin was performed in presence of isobutyl
chloroformate and triethylamine to afford after purification the biotinylatedferrocene derivative
(Scheme 2).The structure of compound Fc Biot was characterized by 'H-NMR, *C-NMR and
mass spectrometry (Table 1).

A'H-NMR spectrum and *C-NMR showed characteristics spectrums of ferrocene group,
appear at 0 4.1 ppm, corresponding to the cyclopentadienyl rings proton CHy 3 4 sandCHy 2 3 ' 5.

A 'H-NMR spectrum of Fc Biotcompound showed two triplets at &2.2 ppm and
0 2.55 ppm corresponding to CHa, and CHy . Others NMR signals typically of biotin were
observed atd = 3.22 - 4.5 ppm and 6 = 2.74 - 2.96 ppm, corresponding to CH, sand CH,_.

The presence of two carbon CO and CONH at § = 164.7 — 174.5 ppm in the *C-NMR
approved the coupling with biotin.The analysis result of electrospray ionisation mass
spectrometry showed the molecular mass of Fc Biot compound.

The NMR spectra and mass spectrometry utterly confirm the structure of Fc Biot with
molecular formula C,,H;0FeN;0O,S and the expected structural formula as shown in Table 1.
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Table 1.'H-NMR and C-NMR chemical shifts and Mass Spectrometry of Fc Biot compound.

(o]
HNJKNH
; ] H h £ ] a b |
4 f S
Compound Sfe ' o & ¢
1'©5 4 M = 455g.mol™*
I |
Biotinylated 1 - (- 2-aminoethyl) ferrocene
Mass spectrometry (M+H+) 456
Chemical shift 3'H (ppm) 5 °C (ppm)
CH, 85.6
CH,,CH3, CH,, CHs 4.1 68.2
CHy,CH,, CH3,CHy, CHs 4.07 67.9
CHy; 2.55 35.5
CHoy; 3.4 67.1
CHap 2.2 29.1
CHag, 2e 1.67 28.1
CHys 1.44 25.5
CHy4 3.22 55.5
CHc ¢ 2.74 39.7
CHap 4.5 60.2
Cco 164.7
CONH 174.5
3.1.2. Electrochemical properties of Fc Biot compound
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Figure 1. Cyclic voltammogram (a), DPV (b) of Fc Biot compound 10 mM in PBS buffer 7.4,
scan rate 50 mV.s™.
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The electrochemical characterization of the Fc Biot compound was achieved in 10 mM
PBS buffer pH 7.4 by cyclic voltammetry and DPV. Figure 1(a) exhibited one anodic peak at 0.2
V in reverse scan, assigned to the electrochemical reaction: Fe’ + ¢ = Fe®". These redox
properties were typically of ferrocene [16,17]. The DPV curve of Fc Biotpresented the same
anodic wave at 0.2 V as observed in CV curve (Fig. 1 (b)).

3.2. Immunosensor construction

The first step of the immunosensor construction was performed by the electropolymerization
of two monomers pyrrole (Py) and pyrrole bearing an activated ester group 3-N-
(hydroxyphthalimido) pyrrole ( Py-NHP) in a ratio of 8:2, formed a conducting copolymer film
on a gold electrode surface. The polymerization process was realized by cyclic voltammetry in
acetonitrile from -0.4 V to 1.2 V vs. Ag/AgCl. The voltammogram shows a current at around 0.2
V that increases after each cycle, demonstrating the polypyrrole formation and deposition onto
the electrode surface.Biotin hydrazide was then attached on the surface through covalent
reaction leading to amido link followed by the immobilization of streptravidin to form
polypyrrole-streptavidin layer. All these steps were carefully characterized and optimized in our
previous work [14].

DPV of redox probes on the polypyrrole-streptavidin surface displays two oxidative peaks,
an intensive one at 0.18 V and a smaller one at 0.48 V which increases during biosensor
construction (Fig. 2). The intensive one is assigned to both the oxidative reaction of ppy to ppy"
and Fc to Fc™ immobilized on the streptavidin layer. Besides, the broad wave at 0.18 V can be
explained by the random distribution of ferrocene sites on the polypyrrole-streptavidin film
contributing to different non-equivalent redox sites on the coated electrode. The anodic wave at
0.48 V results certainly from the oxidation of another ferrocenyl species, less electroactive, that
becomes predominant after biomolecules immobilization [18,19].

The successive immobilization steps of the antibody anti-IgG on the modified polypyrrole
layer were performed by incubation of the modified electrode with biotinylated followed by
casein, used to block the surface in order to avoid any proteins adsorption onto the copolymer
film during the antigen detection. Fig. 2shows the decrease of oxidation currents at both 0.18 V
and 0.48 V after each addition of biomolecules (antibody and casein) on the surface. In the two
cases, this phenomenon may be explained by the modifications of the polypyrrole layer by
proteins that block charge transport and penetration of counterions to assure the redox process.

- - - Polypyrrole - streptavidine - Fc Biot
1,0x10’5< rrrrrr Anti IgG Biot
—— Casein

8,0x10™
1 (A)
6,0x10°1

4,0x10°]

02 00 02 04 06
E (V) Ag/AgClI

Figure 2. DPV analysis of copolymer surface modified Fc Biot, antibodies Anti IgGBiot and
casein in 10 mM PBS 7.4, scan rate 50 mV.s'.
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3.3. Antigen detection

The biosensor is incubated with successive addition of various concentrations of antigen
IgG in PBS 10 mM pH 7.4.The oxidation currents at both 0.18 and 0.45 V decrease since the
addition of 1 pg.mL™" and reach the saturation at 100 pg.mL" (Fig.3(a)). The variation of peak
current is directly proportional to the antigen-antibody complex formation. The decrease in
current intensity is explained by the formation of antigen-antibody complex, which leads to a
slow penetration of ions and avoids the electron transfer to electrode [20].

The stability of biosensor was performed by storing the biosensor at various times and
testing the response before antigen detection. This was realized during two days and the signal
remains the same. The signal variation is obtained only when the antigen was attached on the
surface. Results demonstrated an important stability of the electrochemical signal of ferrocene
within the time. Reproducibility was studied with five independent measurements at various
concentration levels and relative standard deviation (RSD) of 5% was evaluated. The RSD value
is an average of the values obtained at each of these concentrations.

Linear variation of current versus concentration of antigen was measured from 1 pg.mL" to
10 pg.mL™" for ferrocene redox probe and a detection limit was estimated at 0.16 pg.mL™" (Fig.
3(b)). The successful introduction of redox probe Fc Biot was enhanced the performance of the
immunosensor in terms of sensitivity, compared to other immunosensors using electrochemical
indicators ANTA / Cu or hydroquinone [21, 14].

. (b)
6,0X10- -=1 pg,mL'l 015 ‘.,/=7/:l
----- 10 pgmL”! 04 |/
----- 100 pg.mL'1 0,3
4,0X10- I . J:' -1 ng.mL'1 é 0,2
/A N 2
0,1
2,0x10% & 0,0 =
-0,20,0 0,2 0,4 0,6 0 300 600 900
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Figure 3. (a)DVP analysis of surface modified with biotinylatedferrocene after interaction of different
concentration of IgG (100 pg.mL-1-1 mg.mL-1) in PBS 10 mM pH 7.4, (b) Calibration curve.

4. CONCLUSIONS

In this study, we have successfully synthesized the Biotinylated 1 - (- 2-aminoethyl)
ferrocene (Fc Biot) compound and characterized by 'H-NMR, *C-NMR and mass spectrometry.
The second goal of the project, electrochemical characterization of the Fc Biot was achieved.
Afterwards, an immunosensor based on polypyrrole layer as platform for immobilization of
biotinylatedferrocene was developed. We demonstrated that the introduction of the redox probe
into streptavidin-polypyrrole layer affords a good sensitivity of the biosensor with a detection
limit of 0.16 pg.mL"™" for ferrocene. These studyresults demonstrate that this approach is suitable
for the immobilization of various biotinylated redox molecules and the formation of multi-
electrochemical system detection. The versatility of redox molecules with various oxidation
potential and the easy immobilization of such redox molecules on polypyrrole-streptavidin layer
open the way for multiplexing electrochemical detection array.
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TOM TAT

TONG HQP BIOTINYL - FERROCENE VA UNG DUNG LAM PIEN CUC OXY HOA KHU

CHO CAM BIEN SINH HOC BPIEN HOA

Lé Hitu Quynh Anh"", Phan Pinh Tuan',

Hafsa Korri-Youssouffi’, Héléne Sauriat-Dorizon®

"Truong Pai hoc Tai nguyén va Moi trieong Thanh phé Ho Chi Minh, 236B Lé Van Sy,
Phirong 1, Qudn Tdn Binh, Thanh phé Ho Chi Minh, Viét Nam

2JCMMO, CNRS, T ruwong Pai hoc Paris-Sud, 15 Rue Georges Clemenceau, 91400 Orsay,

CH Phap

“Email:quynhanh.lehuu@gmail.com

Hop chiét lién két Biotin (Vitamin H) v&i phan tir chit oxy hoa khir ferrocene thong qua

mdi lién két cong hoa tri da dugc nghién ciru. Viée tong hop va xac dinh cau tric Biotinyll - (-
2-aminoethyl) ferrocene da duoc thuc hién nho ki thuét cong hudng tt'H-NMR, *C-NMR va
khéi phé MS. Muc tiéu cua bai bao nay 1a phat trién cac dan xuét cua ferrocene 1am dién cuc
dién hoa co thé thuc hién cac chuc nang cliia cam bién sinh hoc. Mot cam bién sinh hocdua trén
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16p polypyrrole-streptavidin lamco s& dé cb dinh biotinyl- ferrocene va chat khang thé da duogc
phat trién. Két qua do tin hiéu oxy hoa khur cua ferrocene duoc phan tich bang phuong phap
xung dién thé vi phan (DPV) va chi ra su khac biét giita tinh chit oxy hoa khir va su tuong tac
cua khang nguyén. Viéc dua biotinyl -ferrocene co tinh oxy hoa khir vao 16p streptavidin-
polypylirole da giup dat dén do nhay cao cta cam bién sinh hoc, dén giéi han phat hién 0,16
pg.mL’

Tir khéa:cam bién mién dich, ferrocene, dién cyc khir, phat hién bang dién hoa, polypyrrole.
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